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(57) ABSTRACT

A method 1s provided for forming an improved contact
opening of a semiconductor 1ntegrated circuit, and an inte-
orated circuit formed according to the same. Planarization of
the semiconductor structure 1s maximized and misalignment
of contact openings 1s tolerated by first forming a conductive
structure over a portion of a first body. A thin dielectric layer
1s formed at least partially over the conductive structure. A
thick film, having a high etch selectivity to the thin dielectric
layer, 1s formed over the dielectric layer. The thick film 1s
patterned and etched to form a stack substantially over the
conductive structure. An msulation layer 1s formed over the
thin dielectric layer and the stack wherein the stack has a
relatively high etch selectivity to the insulation layer. The
insulation layer 1s etched back to expose an upper surface of
the stack. The stack 1s then etched to form an opening 1n the
insulation layer exposing the thin dielectric layer which acts
as an etch stop during the stack etch process. The thin
dielectric layer 1s then etched in the opening to expose the
first conductive layer. A conductor 1s then formed in the
opening contacting the underlying conductive structure. The
thin dielectric under the msulation layer and on the sides of
the opening near the conductive structure will increase the
distance and help to electrically 1solate the conductor at the
edge of the contact opening from nearby active areas and
devices.

30 Claims, 4 Drawing Sheets
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METHOD OF FORMING A CONTACT IN AN
INTEGRATED CIRCUIT

FIELD OF THE INVENTION

The present mmvention relates generally to semiconductor
integrated circuit processing, and more specifically to an
improved method of forming a contact 1n an integrated
circuit.

BACKGROUND OF THE INVENTION

As feature sizes and device sizes shrink for integrated
circuits, relative alignment between interconnect layers
becomes of critical importance. Misalignment can severely
impact the functionality of a device. Misalignment beyond
certain minimum tolerances can render a device partly or
wholly inoperative.

To 1nsure that contacts between interconnect layers are
made properly even if a slight misalignment occurs during
masking steps, extra space 1s usually included 1n a design
around contacts and other conductive features. This extra
retained space 1s known as enclosure and results 1n the well
known “dogbone” structure. Enclosure sizes of up to a few
tenths of a micron are typical for 0.5 to 1.0 micron feature
S1ZeEs.

Enclosure requirements are not consistent with the con-
finued shrinkage of devices. Enclosure 1s not related to
device functionality, but 1s due primarily to limitations in
photolithography alignment capability and 1s used to mnsure
that misalignment errors do not cause problems with the
device. When designing devices having minimum feature
and device sizes, minimizing enclosure requirements can
significantly 1mpact the overall device size.

Self-alignment techniques are generally known in the art,
and 1t 1s known that their use helps minimize enclosure
requirements. However, the use of self-alignment techniques
has been somewhat limited by device designs in current use.

Conventional MOS FET devices are typically comprised
of a gate electrode overlying a channel region and separated
therefrom by a gate oxide. Conductive regions are formed 1n
the substrate on either side of the gate electrode and the
associated channel to form the source and drain regions.
However, the majority of the area required for the source and
drain regions 1s a function of the design layout and the
photolithographic steps required, for example, to align the
various contact masks and the alignment tolerances.

Conventionally, an MOS transistor 1s fabricated by first
forming the gate electrode and then the source and drain
regions, followed by depositing a layer of interlevel oxade
over the substrate. Contact holes are then patterned and cut
through the interlevel oxide to expose the underlying source
and drain regions. A separate mask 1s required to pattern the
contact holes. This separate mask step further requires an
alignment step whereby the mask 1s aligned with the edge of
the gate electrode which 1s also the edge of the channel
region. There 1s, of course, a predefined alignment tolerance
which determines how far from the edge of the gate elec-
trode will be the minimum location of the edge of the
contact. For example, if the alignment tolerance were 1
micron, the contact wall on one side of the contact would be
disposed one micron form the edge of the gate electrode and
the other side of the contact would be one micron from the
edge of the nearest structure on the opposite side thereof,
such as another conductive contact or interconnection line.
In this example, the alignment tolerance would result 1in a
source and drain having a dimension of two microns plus the
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width of the contact. The overall width 1s therefore defined
by alignment tolerances, the width of the conductive inter-
connection and the minimal separation from adjacent struc-
tures. A significant amount of surface area 1s thus dedicated
primarily to mask alignment causing a substantial loss of
real estate when designing densely packed integrated cir-
cuits.

When MOS devices are utilized 1n a complementary
configuration such as CMOS devices, the additional space
required to account for alignment tolerances becomes even
more of a problem. This space requirement 1s due to the fact
that CMOS devices mherently require a greater amount of
substrate and surface area than functionally equivalent
P-channel FET devices.

This size disadvantage 1s directly related to the amount of
substrate surface area required for alignment and processing
latitudes 1n the CMOS fabrication procedure to insure that
the N- and P-channel transistors are suitably situated with
respect to P-well formation. Additionally, 1t 1s necessary to
isolate N- and P-channel transistors from each other with
fixed oxide layers with an underlying channel stop region.
As 1s well known, these channel stops are necessary to
prevent the formation of parasitic channels or junction
leakage between neighboring transistors. Typically, the
channel stops are highly doped regions formed in the
substrates surrounding each transistor and effectively block
the formation of parasitic channels by substantially increas-
ing the substrate surface mversion threshold voltage. Also,
they are by necessity the opposite 1n conductivity type from
the source and drain regions they are disposed adjacent to 1n
order to prevent shorting. This, however, results 1n the
formation of a highly doped, and therefore, low reverse
breakdown voltage, P-N junction. Of course, by using
conventional technology with the channel stops, there 1s a
minimum distance by which adjacent transistors must by
separated 1n order to prevent this parasitic channel from
being formed and to provide adequate 1solation.

It would be desirable to have a planar integrated circuit
having contact openings that meet design rule criteria while
minimizing distances between the contacts and nearby
active areas and devices.

It 1s therefore an object of the present invention to provide
a method of forming improved contact openings between
active areas and devices for scaled semiconductor devices.

It 1s a further object of the present mvention to provide
minimum contact enclosure for the contacts to the active
arcas.

It 1s a further object of the present invention to provide a
method of forming the contact openings whereby the junc-
tion leakage 1s minimized and the device integrity 1s main-
tained.

It 1s yet a further object of the present invention to provide
a method of increasing the planarity of the surface of the
waler thereby minimizing subsequent step coverage prob-
lems.

Other objects and advantages of the present invention will
be apparent to those of ordinary skill in the art having
reference to the following specification together with the
drawings.

SUMMARY OF THE INVENTION

The 1nvention may be incorporated into a method for
forming a contact opening of a semiconductor device
structure, and the semiconductor device structure formed
thereby. The process imncludes 1n a first embodiment, forming



US 6,297,110 Bl

3

a first conductive structure over a portion of the integrated
circuit. A thin dielectric, preferably an undoped oxide layer,
1s formed at least partially over the first conductive structure.
A thick film 1s formed over the thin dielectric layer having
a relatively high etch selectivity to the thin dielectric layer.
The thick film 1s patterned and etched to form a stack over
the first conductive structure. An insulation layer 1s formed
over the thin dielectric layer and the stack wherein the stack
has a relatively high etch selectivity to the insulation layer.
The 1nsulation layer 1s etched to expose an upper surface of
the stack. The stack 1s then etched, 1sotropically or
anisotropically, forming an opening 1n the insulation layer
and exposing the thin dielectric layer in the opening. The
thin dielectric layer 1s then etched 1n the opening exposing
the underlying first conductive structure.

An alternative embodiment provides for a second con-
ductive structure spaced a minimum distance away from the
edge of the contact opening to meet design criteria and to
insure proper electrical 1solation. The second conductive
structure 1s surrounded by a capping layer, preferably an
oxide layer, to 1nsure that the minimum distance between the
edge of the second conductive structure and the edge of the
contact in the opening 1s met. The thin dielectric layer and
the capping layer will maintain the required distances
between devices thus tolerating any misalignment of the
contact openings.

BRIEF DESCRIPTION OF THE DRAWINGS

The novel features believed characteristic of the invention
are set forth 1n the appended claims. The invention itself,
however, as well as a preferred mode of use, and further
objects and advantages thereof, will best be understood by
reference to the following detailed description of illustrative
embodiments when read 1n conjunction with the accompa-
nying drawings, wherein:

FIGS. 1-7 are cross-sectional views of the fabrication of
a semiconductor 1ntegrated circuit according to one embodi-
ment of the present mnvention.

FIGS. 8—12 are cross-sectional views of the fabrication of
a semiconductor mtegrated circuit according to an alterna-
tive embodiment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The process steps and structures described below do not
form a complete process tlow for manufacturing integrated
circuits. The present invention can be practiced in conjunc-
fion with 1ntegrated circuit fabrication techniques currently
used 1n the art, and only so much of the commonly practiced
process steps are included as are necessary for an under-
standing of the present invention. The figures representing
cross-sections of portions of an integrated circuit during
fabrication are not drawn to scale, but instead are drawn so
as to 1illustrate the 1mportant features of the 1nvention.

Referring now to FIGS. 1-7, a preferred embodiment of
the present invention will now be described m detail. FIG.
1 1llustrates, 1n cross-section, a portion of an integrated
circuit that has been partially fabricated. According to the
example described herein, the present invention is directed
to forming a contact opening which meets design criteria as
such contacts are generally the most sensitive to the mis-
alignment and design rules for spacing as described above.
In addition, the present invention is further directed to
increasing the planarity of the overall surface. FIG. 1
illustrates a portion of a water which has a surface at which
1solation structures and devices 1 adjacent active areas are
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to be formed. As shown 1n FIG. 1, an integrated circuit 1s to
be formed on a silicon substrate 10. It 1s contemplated, of
course, that the present invention will also be applicable to
the formation of other contacts, including, for example,
contacts between metallization and polysilicon.

The silicon substrate may be p- or n-doped silicon
depending upon the location 1n the wafer where the 1solation
and active devices are to be formed. The structure of FIG. 1
includes silicon substrate 10, into a surface of and above
which 1s a field oxide region 12 for separating active regions
or devices. Various active devices may be formed on or in
the surface of the substrate as well as overlying the field
oxide region 12. In a particular application, a gate electrode
14, formed from a first layer of polysilicon 18, 1s shown
overlying a gate oxide 16. As 1s known 1n the art, typically
cate electrode 14 will have sidewall oxide spacers 20, lightly
doped drain regions 22, 24 and source and drain or diffused
regions 26, 28. Also from the first polysilicon layer may be
formed an interconnect 30 having sidewall oxide spacers 32,
24 as 1s known 1n the art. Interconnect 30 typically will at
least partially overlie field oxide region 12.

The diffused or active region 28 1s formed of opposite
conductivity type from that of substrate 10. For example,
substrate 10 may be lightly doped p-type silicon and ditfu-
sion region 28 may be heavily doped n-type silicon. Of
course, as noted above, other structures (with the same or
opposite conductivity type selection) may alternatively be
used; for example, substrate 10 may instead be a well or tub
region 1 a CMOS process, mnto which diffusion or active
region 28 1s formed. In the example of FIG. 1, diffusion 28
1s bounded by field oxide region 12, formed 1n the conven-
tional manner. In this example, diffusion 28 1s relatively
shallow, such as on the order of 0.15 microns, as 1S con-
ventional for modern integrated circuits having sub-micron
feature sizes. As such, diffusion 28 may be formed by 1on
implantation of the dopant followed by a high-temperature
anneal to form the junction, as 1s well known 1n the art.
Alternatively, the 1on implantation may be performed prior
to the formation of subsequent layers, with the drive-in
anneal performed later 1n the process, if desired.

In the present invention, a thin conformal dielectric layer
38 1s deposited over the waler surface overlying diffusion
28, field oxide region 12 and other already formed devices
such as gate electrode 14 and interconnect 30. Layer 38 may
be an undoped oxide layer preferably deposited at low
temperatures, for example, between 250 to 700° C. by
chemical vapor deposition to a depth of about 500 to 1500
angstroms. A thick film 40 1s deposited over the conformal
dielectric layer 38. Thick film 40 1s preferably polysilicon or
other material having a relatively high etch selectivity over
the underlying conformal dielectric layer 38. For purposes
of illustration, thick film 40 will be referred to as polysilicon

layer 40 and 1s preferably deposited to a thickness of about
10,000 to 15,000 angstroms.

Referring now to FIG. 2, polysilicon layer 40 1s patterned
and etched to form polysilicon stacks 42, 44. These poly-
silicon stacks are formed at locations where contacts are to
be made to underlying regions such as interconnect 30 and
source/drain or diffused region 28.

Referring to FIG. 3, dielectric layer 46 1s formed over the
thin conformal dielectric layer 38 and over the polysilicon
stacks 42, 44. Diclectric layer 46 1s preferably borophos-
phorous silicate glass (BPSG) or other dielectric material
which has a relatively high etch selectivity to the polysilicon
stacks 42, 44 as well as the conformal dielectric layer 38.
Diclectric layer 46 1s formed for purposes of electrically
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1solating overlying conductive structures from all locations
except where contacts are desired therebetween, for example
where the polysilicon stacks are located over such regions as
diffused areca 28 and interconnect 30. Diclectric layer 46

preferably has a thickness of about 10,000 to 15,000 ang-
stroms.

Referring to FIG. 4, dielectric layer 46 1s etched to expose
an upper surface of the polysilicon stacks 42, 44. If BPSG
1s used as dielectric layer 46, using a wet etch process with

the etch rate of the BPSG over the polysilicon stacks of
about 50:1 will allow an etch back of the dielectric layer 46
until the upper surface of the polysilicon stacks 1s reached or
may allow for the BPSG layer to be etched below the upper
surface of the polysilicon stacks to insure that the stacks are
fully exposed. Other materials, etch ratios and etch chem-
1stries may be used to achieve a similar result, for example,
chemical/mechanical polishing of dielectric layer 46 may
result 1n a relatively planar etch back exposing the upper
surface of the polysilicon stacks 42, 44. An additional
alternative may be to form a composite dielectric layer 46 by
forming spin-on-glass over the BPSG and partially etching
the spin-on-glass and BPSG at a 1:1 etch ratio until the upper
surfaces of the polysilicon stacks are exposed. Various etch
back techniques known 1n the art such as those described
above will accomplish the desired result of partially pla-
narizing the structure and exposing the upper surface of the
stacks.

Referring to FIG. §, the polysilicon stacks 42, 44 arc
selectively etched by 1sotropic or anisotropic etching. The
ctch chemistry used will etch the polysilicon or other
material used for the stacks at a high etch rate over the etch
rate for the dielectric layer 46. Contact openings 48 and 50
will thus be formed through the dielectric layer 46 where the
polysilicon stacks were formed, 1n this example, over dif-
fused region 28 and interconnect 30. The thin conformal
dielectric layer 38 acts as an etch stop during the polysilicon
stack etch step to prevent the underlying active areas and
devices from being etched away. In addition, conformal
dielectric layer 38 helps to maintain the distance between the
cdge of the contact opening and the neighboring devices,
thus maintaining required distances between devices and
insuring device integrity as will be more fully described
below with reference to an alternative embodiment.

The thin conformal dielectric layer 38 1s next etched from
the contact openings 48, 50 exposing the active regions or
devices 1n the contact openings. The conformal dielectric
layer 38 1s preferably removed by anisotropic etching to
maintain the vertical dimensions or width of the contact
opening. In addition to the etch back of the dielectric layer
46, the diclectric or BPSG may be reflowed before or after
ctching the polysilicon stacks to increase the planarity of the
dielectric layer.

Referring to FIG. 6, the polysilicon stacks were preferably
patterned to have a width smaller than the width of the
underlying active devices or regions, 1n this example, having,
a width of about 4000 angstroms. Thus, some misalignment
of the polysilicon stacks over the active areas and devices
can be tolerated. In the present example, opening 50 1is
shown as misaligned over diffused region 28 toward the field
oxide region 12. If this misalignment occurs over this active
arca, a portion of the field oxide region 12 at location 52 may
be removed when the conformal dielectric layer 38 1s
removed from the contact opening 50 possibly reducing the
arca ol contact between an overlying conductor and source/
drain region 28. In addition, encroaching into the field oxade
may also increase potential junction leakage problems. The
stack may also be misaligned over the interconnect whereby
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it opens over one of the sidewall oxide spacers or it may
open over the interconnect line and both sidewall oxide
spacers. In order to offset these problems, a thin layer of
polysilicon 54 may be deposited on the dielectric layer 46
and 1 the openings 48 and 50. Polysilicon layer 54 1s
preferably deposited to a thickness which will permat filling
the openings later with a conductive material to form an
interconnect to the underlying active areas or devices, for
example, 1f the opening 1s approximately 4000 angstroms,
polysilicon layer 50 may be deposited to a thickness of about
1000 angstroms. Polysilicon layer 54 may then be doped to
help prevent junction leakage 1f a misalignment occurs.
Polysilicon layer 54 1s doped with a similar dopant as the
diffused region 24, such as by 1on implantation or other
suitable method. For example, 1f the source/drain region 28
has previously been doped with an N+ dopant such as
arsenic, then polysilicon layer 54 may be doped with an N+
dopant such as phosphorous. As the polysilicon layer 54 is
doped, dopants will diffuse into the substrate to some
predetermined depth 56 based upon the dopant concentra-
tion and energy level. Doped region 56 will help to heal the
junction region and prevent junction leakage.

Referring to FIG. 7, a conductive layer 1s formed over the
polysilicon layer 54, patterned and etched as known 1n the
art to form conductive contacts §8, 60 to the active areas and
devices. Polysilicon layer 54 will typically be patterned and
ctched at the same time as the conductive contacts. Contacts
58, 60 may typically be aluminum, tungsten or other suitable
contact material. The present invention provides for a con-
tact opening which tolerates misalignment or oversized
contact openings and insures device integrity by healing
junction exposures. In addition, the thick film and polysili-
con stacks provide for a more planar structure.

Referring now to FIGS. 8—12, an alternative embodiment
of the present mmvention will now be described 1n detail. FIG.
8 1llustrates, 1n cross-section, a portion of an integrated
circuit that has been partially fabricated. According to the
example described herein, the alternative embodiment of the
present 1nvention 1s also directed to forming a contact
opening which meets design criteria but which 1s further
capable of tolerating the sensitive misalignment problems
and design rules for spacing as described above. FIG. 8
illustrates a portion of a water which has a surface at which
1solation structures and devices 1n adjacent active areas are
to be formed. As shown 1n FIG. 8, an integrated circuit 1s to
be formed on a silicon substrate 70. It 1s again contemplated
that the alternative embodiment will also be applicable to the
formation of other contacts.

As described above with reference to the preferred
embodiment, the silicon substrate may be p- or n-doped
silicon depending upon the location in the wafer where the
1solation and active devices are to be formed. The structure
of FIG. 8, includes silicon substrate 70, into a surface of and
above which 1s a field oxide region 72 for separating active
regions or devices. Various active devices may be formed on
or 1n the surface of the substrate as well as overlying the field
oxide region 12. In a particular application, a gate oxide
layer 74 1s formed over the substrate and field oxide region.
A doped polysilicon or polycide layer 76 1s formed over the
cgate oxide layer as 1s known 1n the art. An undoped dielectric
layer 78 such as oxade 1s formed over the polysilicon layer

76.

Referring to FIG. 9, these three layers 74, 76, 78 are
patterned and etched to form interconnect 80 and gate
electrode 88 as 1s known 1n the art. As 1s described above,
typically gate electrode 88 will have gate oxide 90, doped
polysilicon layer 92, sidewall oxide spacers 96, lightly
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doped drain regions 97 and source and drain or diffused
regions 98. In addition, 1n this example, gate electrode 88
will also have a capping layer 94 formed from the undoped
oxide layer 78. Also from the first polysilicon layer may be
formed interconnect 80 having a doped polysilicon layer 82
and sidewall oxide spacers 84 as 1s known 1n the art. Also,
in this embodiment 1s shown a capping layer 86 formed from
the undoped oxide layer 78. Interconnect 80 typically will at
least partially overlie field oxide region 72. Capping layers

86, 94 will preferably have a thickness of about 1500 to 2000
angstroms.

Similar processing steps will now be shown as described
above with reference to the preferred embodiment. A thin
conformal dielectric layer 100 1s deposited over the wafer
surface overlying diffusion region 98, field oxide region 72
and other already formed devices such as gate electrode 88
and 1nterconnect 80. Conformal dielectric layer 100 1s
preferably an oxide layer deposited to a thickness of about
500 to 1500 angstroms. It 1s important, as will be discussed
in detail below, that conformal dielectric layer 100 have a
thickness less than the thickness of the capping layers 86, 94.
A thick film 102 1s deposited over the conformal dielectric
layer 100. Thick film 102 1s again preferably polysilicon or
other material having a relatively high etch selectivity over
the underlying conformal dielectric layer 100 and 1s prefer-

ably deposited to a thickness of about 10,000 to 15,000
angstroms.

Referring now to FIG. 10, for ease of 1llustration of the
alternative embodiment, only a contact to the source/drain or
diffused region 98 will be 1illustrated. Contacts to other
active regions or devices, 1s of course, contemplated. Poly-
silicon layer 102 1s patterned and etched to form a polysili-
con stack 104. Dielectric layer 106 1s formed over the thin
conformal dielectric layer 100 and over the polysilicon stack
104. As described above, dielectric layer 106 1s preferably
borophosphorous silicate glass (BPSG) or other dielectric
material which has a relatively high etch selectivity to the
polysilicon stack 104 as well as the conformal dielectric
layer 100. Dielectric layer 106 will electrically isolate the
overlying conductive structures from all locations except
where contacts are desired therebetween.

Referring to FIG. 11, dielectric layer 106 1s etched to
expose an upper surface of the polysilicon stack 104. Vari-
ous etch back techniques known 1n the art such as those
described above will accomplish the desired result.

Referring to FIG. 12, the polysilicon stack 104 is etched
by 1sotropic or anisotropic etching forming a contact open-
ing 107 through the dielectric layer 106. Polysilicon stack,
in this example, 1s shown misaligned in the opposite direc-
fion over the source/drain region 98 and 1s partially aligned
over the gate electrode 88. The thin conformal dielectric
layer 100 1s also etched from the contact opening 107
exposing the active arca 98 1n the contact opening. The
conformal dielectric layer 100 1s preferably removed by
anisotropic etching to maintain the vertical dimensions or
width of the contact opening. If misalignment of the gate
clectrode occurs 1n one direction and the contact opening 1s
misaligned 1n the opposite direction, a cumulative error
results. This error must be accounted for by providing
additional space between the edge of the gate electrode and
the edge of the active area. If misalignment occurs, a portion
of the capping layer 94 or sidewall oxide spacer 96 may be
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removed at the same time that the conformal dielectric layer
100 1s etched 1n the opening 107.

In this example, any misalignment of the contact opening,
107 may decrease the contact space between the edge 109 of
cgate electrode 88 and the edge 111 of the contact opening
107. Due to the misalignment of the contact opening, 1n this
example, effectively opening over the sidewall spacer 96,
the distance between these active areas may be reduced
enough such that the design rules for a metal contact space
to gate cannot be tolerated to msure device integrity. Thus,
the thickness of the capping layer 94 will insure that the
required distance between the devices 1n order to maintain
device integrity will be met. However, the thickness of the
capping layer 94 must be greater than the thickness of the
conformal dielectric layer 100 and thick enough that 1f the
conformal dielectric layer 100 1s overetched there will still
remain enough capping layer to insure that design rules are
met. In this example, the capping layer 1s about 1500 to 2000
angstroms while the conformal dielectric layer 1s about 1000
to 1500 angstroms.

As 1n the preferred embodiment, a polysilicon layer 108
may then be deposited to a thickness of about 1000 ang-
stroms on the dielectric layer 106 and in the opening 107.
Polysilicon layer 108 may then be doped to help prevent
junction leakage. As the polysilicon layer 108 1s doped,
dopants will diffuse 1nto the substrate to some predetermined
depth 110. Doped region 110 will heal the junction region
and prevent junction leakage. A conductive layer 1s then
formed over the polysilicon layer 108, patterned and etched
along with polysilicon layer 108 as known 1 the art to form
a conductive contact 112 to the active area 98.

By adding the capping layer, opening the contact becomes
a self-aligned feature such that the contact opening 1s now
self-aligned to the gate. This self-aligned process can elimi-
nate the conventional “dogbone” structure or larger enclo-
sure needed, thereby increasing the density of devices on the
integrated circuit. This process can also be used for other
layers to eliminate the “dogbone” features and minimize the
required design rules. As described above, 1n addition to the
self-aligned benefit of the present invention, a more planar
structure with high integrity junctions are achievable.

Although the preferred embodiment has been described 1n
detail, 1t should be understood that various changes, substi-
tutions and alterations can be made therein without depart-
ing from the spirit and scope of the invention as defined by
the appended claims.

What 1s claimed 1s:
1. Amethod of forming a contact opening, comprising the

steps of:

forming a first conductive structure 1n a substrate adjacent
a field oxide region;

forming a dielectric layer over the first conductive struc-
ture,

forming a film having a high etch selectivity to the
dielectric layer for a given etchant;

patterning and etching the film to form a stack at least
partially over the first conductive structure;

forming an insulation layer over the dielectric layer and
stack wherein the stack has a high etch selectivity to the
insulation layer for a given etchant;
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ctching the 1insulation layer to expose an upper surface of
the stack;

etching the stack to form an opening in the insulation
layer exposing the dielectric layer 1 the opening;

etching the exposed dielectric layer 1n the opening expos-
ing the underlying first conductive structure;

forming a conformal polysilicon layer over the insulation
layer and 1n a portion of the opening overlying the first
conductive structure;

doping the conformal polysilicon layer, wherein doping,
the conformal polysilicon layer further dopes a region

underlying the conformal polysilicon layer in the sub-
strate and adjacent the field oxide region; and

forming a conductor over the conformal polysilicon layer.

2. The method of claim 1, wherein the dielectric layer
comprises an undoped oxide.

3. The method of claim 2, wherein the undoped oxide
layer 1s deposited to a thickness of about 1000 to 1500
angstroms.

4. The method of claim 1, wheremn the film comprises
polysilicon.

5. The method of claim 1, wherein the film 1s deposited to
a thickness of about 10,000 to 15,000 angstroms.

6. The method of claim 1, wherein the insulation layer
comprises borophosphorous silicate glass (BPSG).

7. The method of claim 1, wherein the stack over the first
conductive structure 1s patterned having a width of about
4000 angstroms.

8. The method of claim 1, further comprising the step of:

reflowing the insulation layer before etching the insula-
tion layer.
9. The method of claim 1, further comprising the step of:

reflowing the insulation layer after etching the msulation
layer which exposes the upper surface of the stack.
10. The method of claim 1, further comprising the step of:

reflowing the insulation layer after the stack 1s etched
away which exposes the dielectric layer in the opening.

11. The method of claim 1, wherein etching the stack
comprises an 1sotropic etching step.

12. The method of claim 1, wherein etching the stack
comprises an anisotropic etching step.

13. The method of claim 1, wherein etching the stack
comprises chemical/mechanical polishing.

14. The method of claim 1, wherein etching the dielectric
layer comprises an anisotropic etching step.

15. The method of claim 1, wherein etching the stack
further comprises the steps of:

forming spin-on-glass over the insulation layer before
ctching; and

ctching the spin-on-glass and insulation layer at an
approximately 1:1 etch ratio until the upper surface of
the stack 1s exposed.

16. The method of claim 1, wherein the first conductive
structure 1s a source/drain region.

17. The method of claim 16, wherein a portion of the field
oxide region adjacent the source/drain region and in the
opening 15 etched when the dielectric layer 1s etched 1n the
opening.

18. The method of claim 1, further comprising the step of:

forming a conductive contact in the opening and over the
insulation layer.
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19. The method of claim 1, wherein the conformal poly-
silicon layer 1s deposited to a thickness of about 1000
angstroms.

20. The method of claim 1, wherein the opening has a
smaller width than the width of the underlying first conduc-
tive structure.

21. The method of claim 1, wherein the step of doping the
conformal polysilicon layer heals the underlying substrate
and prevents junction leakage.

22. A method of forming a self-aligned contact opening,
comprising the steps of:

forming a first conductive structure over a substrate
having an insulating capping layer surrounding the first
conductive structure;

forming a second conductive structure in the substrate
adjacent the first conductive structure and a field oxide
region;

forming a dielectric layer over the first and second con-

ductive structures wherein the dielectric layer has a
thickness less than the thickness of the capping layer;

forming a film having a high etch selectivity to the
dielectric layer;

patterning and etching the film to form a stack at least
partially over the second conductive structure;

forming an insulation layer over the dielectric layer and
stack wherein the stack has a high etch selectivity to the
insulation layer;

ctching the 1nsulation layer to expose an upper surface of
the stack;

ctching the stack to form an opening 1n the insulation
layer exposing the dielectric layer 1n the opening;

ctching the exposed dielectric layer in the opening expos-
ing the underlying second conductive structure wherein
a portion of the capping layer remains on the first
conductive structure;

forming a conformal polysilicon layer over the insulation
layer and 1n a portion of the opening overlying the
second conductive structure;

doping the conformal polysilicon layer, wherein doping
the conformal polysilicon layer further dopes a region
underlying the conformal polysilicon layer in the sub-
strate and adjacent the ficld oxide region; and

forming a conductor over the conformal polysilicon layer;
and

forming a conductive contact in the opening electrically
contacting the second conductive structure wherein the
first conductive structure 1s electrically 1solated by the
capping layer from the conductive contact 1n the open-
Ing.
23. The method of claim 22, wherein forming the first
conductive structure further comprises the steps of:

forming a gate oxide layer over the substrate;

forming a doped polysilicon layer over the gate oxide
layer;

forming the capping layer over the doped polysilicon
layer; and

patterning and etching the capping layer, doped polysili-
con layer and gate oxide layer to form a gate electrode.
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24. The method of claim 22, wherein the capping layer 1s
a first undoped oxide layer formed to a thickness of about
1500 to 2000 angstroms.

25. The method of claim 22, wherein the second conduc-

five structure 1s a source/drain region.
26. The method of claim 22, wherein the dielectric layer

1s an undoped oxide layer deposited to a thickness of about

1000 to 1500 angstroms.

27. The method of claim 22, further comprising the step
of:

forming a conductive contact in the opening and over the
insulation layer.
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28. The method of claim 22, wheremn the conformal
polysilicon layer 1s deposited to a thickness of about 1000
angstroms.

29. The method of claim 22, wherein the opening has a
smaller width than the width of the underlying second
conductive structure.

30. The method of claim 22, wherein the step of doping

the conformal polysilicon layer heals the underlying sub-
strate and prevents junction leakage.
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